The analysis of the energy requirements carried out using simple algorithms and historical air temperature series allows to obtain a classification of the territory, identifying those areas where the demand for artificial energy for heating a greenhouses is limited, resulting in reduced costs management and greenhouse gas emissions. In this work were determined the annual requirements of artificial energy to heat a greenhouse (MJ m -2 year -1 ) covered with polyethylene film for the whole Italian territory at a predetermined internal thermal threshold. The results show that through the analysis of energy requirements has been possible to obtain a classification of the Italian territory by identifying areas that are most appropriate to the greenhouse activity for the high availability of natural energy. 
Introduction
In the last years the issue of the use of energy has aroused great interest at both european and national level through the enactment of a series of regulations and directives. In 2000, the European Commission has stimulated a debate on the security of energy supply in the European borders through the publication of the Green Paper "Towards a European strategy for the security of energy supply" which is still the reference document at Community level. The agricultural sector contributes, albeit in a less significant than in other sectors, at the consumption of energy especially for the energy requirements intended for greenhouse structures.
The greenhouses activity has played and continues to play an important role in Italian agriculture in terms of quality of production and technology development. In Italy, the development of this activity is mainly due to favorable climatic conditions that facilitate the settlement of these structures on the territory. The distribution of greenhouses affects almost all the national territory except for some mountain areas (ISTAT data) (Fig.1 ). It's understandable that farmers have tried to exploit those portions of land that could provide certain natural energy resources and those close to major national and international markets. One of the greatest needs of this activity is related to energy availability, that is, to have natural energy to create microclimatic conditions inside the greenhouse to encourage the growth of plants at different times and at latitudes less than ideal. Not all Italian places have favorable climatic conditions (air temperature and humidity, solar radiation, etc.) for the establishment and the conduct of green-house activity. Where these conditions are not met it is necessary to produce artificial energy through the burning of fossil fuels. As a result, a high emission of greenhouse gases and an equally high production of combustion residues that create environmental impact. Only in recent years has been attempted to generate electricity for agricultural activities from renewable energy sources (Moreton et al. 2012 , Marucci et al. 2012 , Marucci et al. 2013a ) in order to reduce this environmental impact and try to create a closed system greenhouses.
To face with foreign competition is not enough to resort only to natural resources because not offer guarantee on the quality but especially on the timing of production. For this reason it is necessary to use artificial energy for heating and cooling the environment inside the greenhouse, but trying to limit this need. The artificial energy needed for heating a greenhouse can be described through the energy balance equation (1), that is the difference between the input of global solar radiation that enters inside the environment and the energy output due to losses for transmission, ventilation and radiation (Campiglia et Ri = RTg,sky+ RTg,atm+RTp,sky+ RTp,atm+ RTia,sky+ RTia,atm+ T+ V+ ∆Eg+ Sg (1) Where:
The global solar radiation (direct and diffuse) inside the greenhouse in clear sky conditions was calculated using the equation (2):
Where: Cd= Diffusivity coefficient of the plastic film cover (indicates the direct radiation that is converted into diffuse in the internal environment from the cover).
Trasmissivity (τc) of the cover and the walls to solar radiation was determined using the model described by Marucci et al. 2013b . The energy lost by transmission from walls and the cover was calculated with the relation (3): 
The energy lost by radiation was calculated with the relation (8): In a planning where the availability of meteorological data is always complicated and is often used approximations and interpretations of data from surrounding areas not make much sense to use complicated methods. For this reason it is considered rather the adoption of a method which takes into account an overall heat transfer coefficient Kt (W m -2 °C -1 ) that takes into account of losses due to conduction, convection and radiation. For the polyethylene film was assumed a value of 7 W m -2 °C -1 . Spatially representations of climate data called "climate surfaces" are usually used in applications, both theoretical and practical, that relate to the environmental sciences, agricultural and biological (Hijmans et 
Materials and method
The method was developed using the experimental data of some research carried out in two greenhouses, located in Viterbo at the didactic-experimental farm "N. Lupori ", Faculty of Agriculture, on the energy behavior of cold greenhouses that is without heating fixed or rescue. Through statistical regression coefficients (9, 10, 11, 12) were calculated in order to estimate the time T<tc (h month -1 ) (13) during which the temperature inside the greenhouse falls below a certain threshold tc. To choose the thermal threshold as to maintain inside the greenhouse were analyzed optimum minimum temperatures of the major horticultural crops and it was noted that the majority of these crops admits a biological threshold between 10 and 14 °C. Mean monthly minimum temperature Italians values were used those supplied by Worldclim (Fig.2) . Worldclim is the most popular global bioclimatic dataset (Hijmans et al., 2005) , is widely being used because it is easily available and offers high resolution (~1 km) for all land areas globally (Bedia et al. 2013)
Fig. 2: Mean monthly minimum temperature in January
Subsequently steps were taken to calculate the amount of monthly energy per unit area required to maintain the minimum temperature to a certain level tc (kJ m -2 month -1 )(14):
E(tc) = Kt * (tc -tmme) * T<tc * dm * 3.6 (14) Where:
Kt= overall heat transfer coefficient (W m -2 °C -1 ); T<tc= Estimated time during which the internal temperature of the greenhouse is fallen below the threshold (h month -1 ); dm= days of month.
Were considered the months from October to May and was therefore calculated the annual artificial energy demand for the heating per unit area (MJ m -2 year -1 ) to avoid that the internal air temperature falls below the predetermined thermal threshold. Subsequently thematic maps were prepared in QuantumGIS (QGIS) concerning to the annual energy requirements for heating a greenhouses for the Italian territory considering the temperature thresholds of 10, 12 and 14 ° C. Figure 3 shows the annual energy requirements for heating a greenhouses per unit area (MJ m -2 year -1 ) in relation to a predetermined air temperature threshold of 10 °C.
Results and discussions

Fig. 3: Energy requirements to internal thermal threshold of 10 °C
At the threshold of 10 °C thermal energy demand for heating a greenhouses in the country appears to be homogeneous. The energy requirements for heating are almost always less than 200 MJ m -2 year -1 with the exception of mountain areas and high hills areas where the energy demand increases significantly. This is mainly due to a lower value of minimum mean external air temperature that exists at these altitudes resulting in increased thermal excursion between the inside greenhouse and the outside with an increase of energy demand. Increasing the internal thermal threshold at 12 °C (Fig. 4) result a certain lack of uniformity in demand of artificial energy to maintain a certain temperature levels (tc) greenhouses on the Italian territory. In mountain areas and in the high hills areas the energy requirements for this thermal threshold are almost double those the lower thermal threshold of 10 °C by passing from 300-400 MJ m -2 year -1 to values of 600-700 MJ m -2 year -1 . Also in coastal areas of north-central Italy the energy requirements are doubled compared to the thermal threshold of 10 °C by passing a range of 0-100 MJ m -2 year -1 at an interval of 100-200 MJ m -2 year -1 . In the southern coastal areas and islands the energy requirements were unchanged compared to the thermal threshold of 10 °C for highlighting that in these areas as the need to heat the greenhouse appears to be very limited. Areas where you can not resort to artificial energy in the colder months are very limited. These areas correspond to the island regions and the coasts of Calabria..
Fig. 5: Energy requirements to internal thermal threshold of 14°C
The comparison between the maps for the three temperature thresholds shows that the increase of the value of the thermal threshold, the higher energy range (> 800 MJ m -2 year -1 ) tends to go down towards the south of the peninsula for the northern regions . In the central and southern Italy this range tends to extend to the coastal in a fairly limited area. This analysis also revealed that there are areas that have so far been little affected by the development of greenhouses farms although you have a natural energy source that would limit the use of artificial energy with a consequent reduction in operating costs. In our opinion this is due to the lack of tradition in these areas for the greenhouses activity, to a lack of water resources and above all to a difficult connection to the major national and international markets, but careful planning could make the development of these areas of the country.
Conclusion
The results show that through the analysis of energy requirements performed with the use of simple algorithms and historical series of air temperature values it was possible to obtain a classification of the Italian territory by identifying areas that best lend themselves to the greenhouses activity thanks to a high available natural energy. In some areas, the energy requirements gradient is very broad therefore minimum displacements on the territory involve an increase significantly of energy demand. So it not correct to say that in a region exist outstanding climatic qualities to encourage or discourage greenhouses activity but this statement should be limited to small areas of territory.
